Background: Heliotropium indicum is used by traditional medical practitioners in North Central
INTRODUCTION
Diabetes mellitus (DM) is a chronic progressive metabolic syndrome characterized by hyperglycemia due to inadequacies in insulin secretion and/or action leading to derangements in the metabolism of carbohydrate and abnormalities in protein and lipid metabolism [1] .
DM remains an important non-communicable disease of global concern affecting 415 million people with a progressively increasing prevalence in every studied population. It is one of the five principal causes of death in the world led singly to about 5 million deaths in 2015 [2] .
The complications of DM increase in prevalence with the increase in the prevalence of DM in all populations especially in the developing countries where management strategies are poor and not readily accessible. Disorders in tissue metabolism resulting from poorly managed hyperglycemia are the main cause of diabetic complications leading to damage to many organs including liver and kidney [3] . Thus, the deterrence and management of diabetic complications are considered very
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Volume 12, No 1, January-Fabruary2018; http://www.ijt.ir important objectives in managing and treating diabetes mellitus [4] . The use of plants for the prevention, management, and cure of diseases is as old as human awareness of diseases. About 80%-85% of population in developing countries relies largely on indigenous practices in meeting their primary health care needs [5] .
The use of plants in managing diabetes and resultant complications has remained of choice due to the accessibility and affordability of plants and the fact that they are culturally acceptable since communities are aware of their source.
Helitropium indicum is one of such plants used by TMPs in North Central Nigeria on the management of diabetic complications [6, 7] . It is an indigenous plant in Ayurvedic medicine. The whole plant and its parts have been widely used in diseases relating to wounds, inflammations, and infections [8, 9] . It is usually associated with the moist soils of the lowland tropics close to rivers and lakes, and waste places [10] . It is found widely in North Central Nigeria and known as Agogo Igun or Ogbe Akuko (Yoruba -Nigeria) and Kalkashin orkorama (Hausa-Nigeria). Various parts of the plant are used in several parts of Africa in the treatment of sexually transmitted diseases or infections, inflammations and other forms of wounds [6, 11, 12] .
The antihyperglycemic potency of the whole plant and its parts and their ameliorative effect on some complications of diabetes has been earlier reported [7, 13, 14] . However, its effect on tissue specific hyperglycemia-induced complications is yet to be assessed. Hence, this research was conducted to investigate the ameliorative effect or otherwise, of the Aqueous Leaf Extract of H. indicum on hyperglycemia-induced tissue complications.
MATERIALS AND METHODS

Plant Material and Chemicals
The fresh leaves of H. indicum were obtained from the vegetable farm by the riverside beside 'Oja tuntun' market in Ilorin, Kwara State, Nigeria in 2013. Identification was carried out in the herbarium of the Plant Biology Department of the University of Ilorin, Ilorin, Nigeria, where voucher specimens, with voucher number UIH015, were deposited.
Alloxan monohydrate and pnitrophenylphosphate were products of Sigma Chemical Company, St. Louis, Mo, USA. Assay kits for AST, ALT, glucose, urea, creatinine, albumin, and bilirubin were products of Randox Laboratories Ltd., Antrim, UK. All other chemicals were of analytical grades and prepared in all-glass apparatus using distilled water.
Experimental Animals
Twenty-five Albino rats (Rattus norvegicus) of average weight of 110.88 ± 5.33 were obtained from the animal holding unit of the Department of Biochemistry, University of Ilorin, Ilorin, Kwara State. The animals were acclimatized to standard laboratory housing conditions for two weeks before the commencement of the experiment.
The research conformed strictly to the Principles of Laboratory Animal Care (NIH Publication No. 1996) . The research protocols were requested to and approved by Department of Biochemistry, University of Ilorin, Ilorin, Nigeria.
Preparation of Plant Extract
A known weight (200 gr) of the fresh leaves of H. indicum was manually pulverized using 1000 ml of distilled water. The pulverized leaf juice was left to settle for about five hours and thereafter sieved twice-using muslin cloth. This was done to emulate the method used by herbal practitioners in the environment from which the extract was obtained in the extraction of the plants material. The slightly greenish brown juice obtained was lyophilized and stored in sealed container under refrigeration.
Dosage Determination
From ethnobotanical survey through communications with TMPs, approximately 250 ml of the extracted juice is taken once a day for management of diabetes by a patient of 70 kg average weight, while obese patients are given same volume two-three times daily. Separately lyophilized 250 ml of the plant juice yielded 2.11 gr of the extract. Thus, a dosage of 30 mg/kg b. wt. was extrapolated and adapted to ascertain the acclaimed antihyperglycemic activity of the extract.
Animal Grouping and Extract Administration
Twenty-five rats of both sexes (housed separately) were allowed access to standard rat pellets and water ad libitum. About 12 h before the measurement of fasting blood glucose (FBG) to ascertain hyperglycemia, the feeds were temporarily withdrawn. The animals were randomly selected into five groups of five animals each as follows: http://www.ijt.ir; Volume 12, No 1, January-Fabruary2018 
Induction of Experimental Hyperglycemia
Chemical induction of "hyperglycemia", the main feature of diabetes mellitus, was done using the method [15] with little modification as elucidated below. Animals were fasted for 12 h and then were subjected to a single intraperitoneal injection of alloxan monohydrate, 150 mg/kg b. wt, freshly dissolved in normal saline solution. A fifth of the rats was also given normal saline to serve as normoglycemic control (NC). Fasting blood glucose was determined using multicare-in multiparameter diagnostic device (Biochemical Systems International, Arezzo-Italia) and compatible strips 48 h after alloxan injection. Rats showing FBS above 250 mg/dl and sustained hyperglycemia for the next 72 h (5 d after alloxan induction) were considered diabetic and used in the study.
Preparation of Serum and Tissues Homogenates
The rats were anesthetized, sacrificed and blood was collected. The sera were collected and stored under refrigeration before the determination of the liver and kidney function indices and the activity of membrane maker enzymes. In addition, sacrificed carcasses were dissected; the liver and kidney were excised. The livers were weighed, rinsed and homogenized in ice cold 50 mM Tris / HCl buffer pH 7.5 [16] containing Triton x-100 at a final concentration of 0.5% [17] . The kidneys were immediately suspended in and later were homogenized using ice-cold 0.25M sucrose solution (1:5 w /v). The homogenates were stored under refrigeration (each in a labeled specimen bottle).
Biochemical Analysis
Serum concentrations of direct and total bilirubin, albumin, globulin, urea, creatinine, and activities of AST and ALT were determined using commercially available diagnostic kits obtained from Randox Laboratories Ltd., Antrim, UK. Protein concentration of the homogenates and serum were determined [18] , alkaline phosphatase (ALP) and Acid phosphatase were assayed using the method [19, 20] .
Histological Examination of Rat Liver and Kidney
A specimen of the liver and kidney of each of the experimental group was fixed in 10% formalin. The specimens were dehydrated in ascending grades of ethanol, cleared in xylene, and processed to molten paraffin wax blocks, sectioned (5 µm thick) and stained with Hematoxyline and Eosine stain. They were then examined using light microscopy for demonstration of hyperglycaemia induced pathological changes and the treatment with H. indicum [21] .
Statistical Analysis
The results were expressed as mean ±Standard error of mean (SEM) of five replicates (n=5). Data obtained were subjected to one-way analysis of variance and means found to be significantly different at P<0.05 were separated by Duncan Multiple Range Test.
RESULTS
The serum activities of tissue membrane bound enzymes (ALT, AST, ACP, and ALP) which are high in hyperglycemic rats indicating compromised tissue structures in HC throughout the experimental period were significantly reduced in the rats treated with aqueous leaf extract of H. indicum (Table 1) . The activities of the enzymes in the liver (Table 2) and kidney (Table 3) were significantly increased after 14 d of treatment with extract at both folkloric dosages. The elevated serum albumin (Figure 1 ), total and direct bilirubin (Figure 2 ), urea and creatinine ( Figure 3 ) in HC were attenuated by both doses of the extract and the reduction in serum total protein and globulin observed in the HC were significantly increased by both doses of the extract in the treated rats after 14 d (Figure 1) . It was further supported by the histological assessment of liver and kidney of the experimental animals ( Figure 4 and Figure 5 ).
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DISCUSSION
Persistent hyperglycaemia is the main cause of the changes in kidney and liver function in diabetes mellitus. Aggravated increase in the rate of protein and lipid glycation, forming advanced glycation products (AGEs), oxidative stress, polyol pathway activation and hexosamine flux, causing inflammation and damage -are all consequences of hyperglycemia [22] .
The elimination of urea and creatinine from the plasma is the primary function of glomerulus. Thus, the serum concentrations of urea and creatinine are parameters of significance in the assessment of renal sufficiency. Higher than normal levels of serum urea and creatinine are indications of impairment in renal function [23] . The significant reduction in the serum concentration of urea and creatinine of rats treated with the two folkloric dosages of the extract when compared with the hyperglycemic control rats signifies the ameliorative effect of the extract on the hyperglycemia-induced compromise in the rats' kidney function.
Albumin, total bilirubin, and globulin are mixtures of protein molecules whose relative concentrations are considered in the assessment of liver cells' functional integrity through regulation of osmotic pressure and the secretory capability of the liver [24] . The reduced total protein concentration, globulin, albumin and total bilirubin demonstrated by the hyperglycemic control rats, which is indicative of hyperglycemia-induced reduced secretory ability of the liver and reduced hepatobiliary function, are restored by the extract at both doses employed. This underlies the beneficial role of the extract in the amelioration of the hyperglycemia-induced liver complications.
The activities of various enzymes in particular tissues (and very important body fluids) are significant and well-known parameters in disease investigation and diagnosis. This is because activities of enzymes sum up the catalytic influence of several factors (e.g. inhibitors and activators) during such pathological conditions. Enzymes usually do not originate from the serum, but rather are derived from the disintegration, metabolism, and turnover of tissues and blood cells. Therefore, enzymes from diseased tissues and organs (e.g. during cardiac, hepatic and neoplastic diseases) may become manifested in the serum resulting in increased expressed activity. This is often accompanied by concomitant decrease in enzyme activity in affected tissues and organs.
The two transaminases in use in diagnostic enzymology are AST and (ALT). Transaminases are normally intracellular enzymes with the low levels found in the plasma representing the release of cellular content during normal cell turnover. AST is found in both the cytoplasm as well as the mitochondria of organs, its inordinate increased activity in the serum suggest severe and chronic damage that might have extended beyond the cytoplasm [25] . Alkaline phosphatase has been employed in the assessment of the integrity of plasma membrane and endoplasmic reticulum [26] and acid phosphatase is an indicator of damage to the lysosomal membrane [27] . The increase in serum activities observed for the marker enzymes (ALP, ALT, and AST) and the concomitant decrease in tissue activities observed in hyperglycemic control rats in this study have been earlier reported [28] , associated with hemolysis that result from hyperglycemia-induced hepatomegaly [29, 30] . Administration of some antioxidants to diabetic rats normalized the elevated levels of serum marker enzymes ALT, AST, and ALP induced in response to diabetes mellitus [31] .
Therefore, the significant reduction in serum activities of all the enzymes studied and the significant increase in the tissue activities of hyperglycemic rats treated with the aqueous extract of H. indicum leaf can be linked to its antihyperglycemic activity [7] , prevented the organ specific complications. The ameliorative effects can also be generally adduced to the array of phytoconstituents present in the extract earlier reported possessing anti-inflammatory and antioxidant activity [32, 33] .
CONCLUSION
Aqueous leaf extract of H. indicum can thus be explored at the ethnobotanical doses of 30 and 75 mg/kg body weight in the management of some hyperglycemia-induced tissue-specific complications associated with diabetes mellitus.
